Background: Osteoarthritis of the knee is a common clinical problem that affects elderly and few young individuals. It is associated with symptoms like pain, stiffness and limitation of activity. Total Knee Arthroplasty is an effective surgical modality that reduces pain, improves patients' quality of life, and increases functional capability in patients with severe osteoarthritis of knee. Role of Posterior Condylar Offset on Range of movements has always been a controversial topic. The present study has been taken up by us because studies conducted by western authors reported conflicting outcomes.
Introduction
Osteoarthritis of the knee is a common clinical problem that affects elderly and few young individuals associated with symptoms like pain, stiffness and limitation of activity and an associated clinical sign like swelling, effusion, crepitus, impingement, instability and malalignment [1] . OA is more prevalent in developed than in developing regions of the world. In the United States survey, indicated that 85% of the population 75 years of age and older were affected. Nearly 60% of Americans with arthritis were women. Osteoarthritis of the knee represents an important subset of the overall OA burden and is the leading cause of functional disability [2] . Age and female gender are invariant risk factors associated with increased incidence of knee OA. According to a number of published reports, anywhere from 6% to over 13% of men, but between 7% and 19% of women, over 45 years of age are affected, resulting in a 45% less risk of incidence in men. The other risk factors include obesity, genetic predisposition, autoimmune conditions, trauma to menisci or cruciate ligaments etc. The radiographic hallmarks of primary osteoarthritis are the: asymmetrical joint space narrowing or loss, subchondral sclerosis (increased bone formation around the joint), subchondral cyst formation, and osteophytes. Imaging techniques like 3D CT and MRI may help in imaging of the joint and surrounding soft tissue structures as well as ligament and menisci 3 . The management principally consist of reduction of pain, stiffness, and to improve the physical functioning, retarding the disease's progression of joint damage and improvement of quality of life. The gold standard treatment of choice is Total Knee Arthroplasty [4] . TKA is an effective surgical modality that reduces pain, improves patient's quality of life, and increases functional capability. Total knee arthroplasty (TKA) gives good subjective and objective results during the first 15 years after implantation. The principal goal of TKA is to reduce joint pain during standing, walking and during routine daily activities. Maintenance of range of motion (ROM) is essential for all these purposes. The range of flexion of the knee obtained after TKA is often limited and may be determined by several factors, including pre-operative range of movements1, posterior femoral condylar offset [5] , posterior tibial slope [6] , surgical technique, joint line elevation, postoperative physiotherapy and the design of the implant [7] [8] [9] [10] [11] . The effects of these factors in surgeries where either posterior cruciate ligament is retained or prosthesis is used as a substitute of PCL and this has been studied extensively in various randomized controlled trials. But the influence of femoral condylar offset and posterior tibial slope in surgeries where PCL is sacrificed is concerned there are very few studies addressing this issue. As far as the previous studies are concerned the role of PCO on ROM is still a controversy. Studies conducted by Goldstein et al [12] , Massin and Gournay [13] had significant correlation whereas; study by Ishii Y et al [14] , Kim JH [15] stated that PCO has no significant correlation with knee flexion. Moreover there are not many studies on the influence of PCO and PCOR on cruciate substituting knee, hence the purpose of this study was to sort out the controversy in PCL substituting TKA.
Materials and Methods
This was a prospective study of Patients with diagnosis of osteoarthritis knee presenting in Department of Orthopaedics of a tertiary care hospital situated in an urban areas and who have undergone surgery during the study period. Assessment of knee was done preoperatively and postoperatively to obtain functional outcome of TKA clinically by using knee society score and oxford knee score and radiologically to obtain PCO and PCOR. Patients were mainly assessed for Knee pain, total range of movement, varus and valgus alignments and stability (anterio-posteriorly and medio-laterally). Patients were further assessed for functions like walking, climbing stairs, walking aids used (or) not. Posterior Condylar Offset (PCO) and Ratio (PCOR) were calculated using the the software called "OsiriX" which is an image processing application used in our hospital for viewing radiographs and calculating the radiographic variables. PCO and PCOR were measured in all the true lateral view radiographs as described by Bellamans et al and Soda Y et al [17] respectively. True lateral view knee joint was considered to be with both the femoral condyles overlapping. Relevant imaging and biochemical tests were done in all the patients. Doppler, ECG and 2D ECHO was done in selected patients as part of preanasthetic evaluation. Surgery was done by senior orthopaedic surgeon.
Surgical Procedure
Under Spinal anaesthesia with Epidural analgesia, patient in supine position scrubbed, painted and draped in sterile manner using disposable drapes after application of tourniquet. Medial parapatellar approach was taken using 14 cm incision with knee in flexion. Skin flaps created with superficial dissection and incision taken over the quadriceps tendon and extended distally around the medial border of patella and along the medial border of patellar tendon. Distal femoral cuts were made at a valgus angle of 5 to 7 degrees with the anatomical axis of femur. The amount of femoral cuts was determined by the thickness of the distal femoral prosthesis. Tibial resection was performed to produce 7 degree to 10 degree of postoperative PTS irrespective of the previous value. The anteroposterior cuts were performed for insertion of prosthesis by approximating the anteroposterior diameter of the femur measured intraoperatively. The rotational alignment of the femoral component was obtained with reference to the Whiteside's line, transepicondylar axis, and posterior condylar axis. the trial implants were used to check for medio lateral, antero posterior stability throughout the range of movements and patellar tracking, thus confirming the sizing of the implants. Tibial tray was implanted first using polymethylmethacrylate (PMMA) cement applied over the cut surfaces at its doughy state after making sure that the blood and fat doesn't get mixed with the cement. Similarly the femoral component was implanted with the cement. Excess cement was then removed from the periphery of the component. After the femoral component has been seated, carefully extend the knee with a trial tibial spacer in place to ensure complete seating of the femoral prosthesis. Knee was kept in extension till the cement was set. Wound was closed in layers with drain after the repair of quadriceps and retinaculum. Skin approximated using staples and cleaned with betadine solution. Post operatively Patients were started with full weight bearing walking with the walker and knee ROM with or without the assistance of a continuous passive motion machine as tolerated from the first postoperative day. Postoperative rehabilitation protocol included ROM exercises, lower extremity muscle strengthening, concentrating on the quadriceps; gait training, and instruction in performing basic activities of daily living. Patients were told to avoid squatting or sitting cross legged or using Indian toilets. A predefined questionnaire was given to the patients at pre-operative time, at 1month post-operative time and similarly at 3 and 6 months post op. The answers were put to get the computer generated scores. The results were divided into grades like excellent, good, fair and poor. Based upon various other studies minimum sample size required was found to be 31 so we included 35 patients in our study. The statistical analysis was done using SPSS 18.0 version. 
Results
In our prospective study involved 32 patients with severe knee osteoarthritis underwent total knee arthroplasty using Zimmer Next Gen LPS system with 11 patients underwent bilateral TKA and 21 patients underwent unilateral TKA. 22 patients were females (16 patients unilateral and 6 patients bilateral) and 10 patients were males (5 patients unilateral and 5 patients bilateral). The mean pre-operative maximum flexion angle was 96.63±9.11 degree which showed significant correlation with the post-operative maximum flexion angle with mean of 115.93±9.59 (p=<0.001). The mean pre-operative PCOR was 0.45±0.02 and the mean postoperative PCOR was 0.45±0.02 and statistically there was no significant correlation between them. The mean pre-operative knee society score was 36.30±13.34 and the mean post-operative knee society score 79.23±5.37 which showed significant improvement after TKA. The mean pre-operative oxford knee society score was 12.44±2.91 and the mean post-operative oxford knee score was 36.86±3.03 which showed significant improvement after TKA. Total 43 knees in 32 patients were operated upon. The age distribution of the cases showed that the most common age group to be affected was 61-70 years (51.2%) followed by 50-60 years (30.2%) and 71-80 years (18.6%). Postoperative Maximum Flexion angle, Knee society score and Oxford knee score was also determined in all patients. 0.007 0.964 The analysis of complication seen in studied cases showed that the most common complication was wound problems (18.6%) followed by stiffness (7%) and infection (4.6%). 
Discussion
Range of movements after total knee replacement is a very important factor to determine the functional outcome of the procedure especially in a country like India where activities of daily living requires more amount of flexion. Knee arthroplasty is a complex surgery with its functional outcome depending upon the operative skills with good clinical exposure and the familiarities with the instrumentation and designs of the implants [16] . Maximum flexion angle of less the 70 degrees are associated with poor walking abilities and minimum of flexion angle 110 degree is required for daily activities. Hence it has been an area of research in case of total knee arthroplasty. According to the previous studies, flexion angle is multivariate factor depending on the age, sex, obesity, pre-operative range of movements, mediolateral stability, deformities, pre-operative mental illness, rehabilitation, surgical techniques involving flexion extension gap balancing, posterior cruciate ligament balancing, femoral component placement, joint line elevation, posterior condylar clearance, posterior condylar offset, tibial slope, and the prosthetic designs and also the postoperative arthrofibrosis 17 . However, the factors like the posterior condylar offset and tibial slope are the topics of controversy and not much studies are done to conclude the same.
Bellamans et al, stated that 1 degree of extra gain in posterior tibial slope resulted in an average 1.7 degree increase in maximum flexion angle in PCL retaining knees. Similar results were reported by Malviya et al [18] , 1degree of PTS increase lead to the increase in maximal flexion angle by an average of 2.3 degree in 101 knees after PCL-retaining TKA.
Negative results were reported in PCL sacrificing TKA by Kansara and Markel [19] , Piazza et al [20] and Verra W C [21] . In our study, posterior tibial slope was kept constant to 7-10 degree for all the knees to minimize the bias. Design of the implant was also kept constant to minimize the bias as different designs will have different kinematics which would affect the knee ROM. Knee flexion in theory is limited by direct impingement of the posterior aspect of the tibial component against the posterior femur shaft with paradoxical anterior translation of femoral component during flexion. This was shown by Bellamans et al in his fluoroscopic study with 72% patients exhibiting the same with the concept of posterior condylar offset. According to him, every 1mm decrease in PCO resulted in 6.1 degree reduction in maximum flexion angle in PCL retaining knee. Similar results were reported in the studies done by Goldstein et al, Massin and Gournay and Frank R on PCL retaining TKA [22] . We also followed the methods used by Bellamans et al to calculate the PCO and we found no change in maximum flexion angle. In some patients PCO was found to be increased and some were found with PCO decreased but almost all of our patients had good maximum flexion angle. Kim et al also reported no influence of PCO and PCOR on flexion angle PCL sacrificing TKA with study involving two groups one with 1.2-mm reduction in the PCO and the other with any reduction. Similar results were found in studies done by Rajshekar K [23] Hanratty et al [24] and Bauer et al [25] on PCL sacrificing TKA whereas Arabori et al [26] on PCL substituting TKA. The significance of PCO appears to be less in the posterior stabilized or posterior-sacrificing knee prosthesis as per the previous studies. This could be due to the kinematics and rollback being controlled by the prosthesis design that reduces the risk of impingement, rather than being constrained by the native posterior cruciate ligament.
Theoretically the value of PCO differs with the body type of the patient especially the size of the knee joint. Hence the study on posterior clearance cannot be done with just by PCO for which a ratio had to considered as described by Soda et al [27] i.e., PCOR which according to him had correlation with the maximum flexion angle on cruciate substituting knee. But our results came to be contrary as per the study by Soda et al and our study results were similar to the study done by Kim et al. Moreover, maximum flexion angle after TKA is a multivariate hence PCO and PCOR cannot be used as an independent variable for the quantification of functional outcome of TKA [28] . This has been shown in our study where the pre-operative maximum flexion angle was correlated significantly with the post-operative maximum flexion angle. Clark HD [29] has stated in his study that the accurate radiographic measurement of pre-operative PCO is not possible as the cartilage thickness remained was not accounted for and also there is an inherent error in the measurement techniques that accounts for inconsistent findings. This can be attributed for the controversy of the PCO and PCOR on maximum flexion angle [30] . Functional outcome in our study was assessed with knee society scores and oxford knee scores which showed significant improvement after TKA when compared to preoperative scores. Eight cases of our patients had wound problems like the superficial infections and stitch abscess which were managed with minor debridement and prolonged antibiotic care, whereas, two cases had infection which needed re exploration, debridement, and thorough wash with 3 weeks of IV antibiotic care. Three cases of arthrofibrosis were managed with continuous passive motion and vigorous physiotherapy. Patient with instability was put on long knee brace for 4 weeks.
Conclusion
Maximum flexion angle after Total Knee Arthroplasty is a multivariate hence Posterior Condylar Offset and Posterior Condylar Offset Ratio cannot be used as an independent variable for the quantification of functional outcome of Total Knee Arthroplasty. Moreover, accurate radiographic measurement of pre-operative Posterior Condylar Offset is not possible as the cartilage thickness remained was not accounted for and also there is an inherent error in the measurement techniques that accounts for inconsistent findings.
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